HTLWW would result in the environmental pollution considering its high organic contents.
53
The utilization of HTLWW is therefore important in order to achieve overall environmental 54 and economical sustainability of the HTL process (Nelson et al. 2013 ).
55
Anaerobic digestion is widely used in the treatment of organic wastes, which can reduce the high-throughput sequencing of full-length 16S rRNA genes has not been used for the 99 microbial community analysis in mixed cultures (e.g. anaerobic digestion) until now.
100
Based on the above considerations, the present study aimed to elucidate the mechanisms were revealed by high-throughput sequencing of full-length 16S rRNA genes using Pacific was used to eliminate CCS (circular consensus sequences) with <99 % predicted accuracy.
168
The low-quality sequences (no exact matches to the forward and reverse primers, and length 
Analytical methods

187
COD was measured according to APHA (APHA 1995). Gas produced during the anaerobic there were organics which were difficult to be biodegraded. However, the methane yield of
220
HTLWW was increased after extraction by the organic solvents except DM, which showed 221 that proper organic solvents could improve the anaerobic biodegradability of HTLWW.
222
Further study was conducted to characterize the different HTLWW in order to understand 223 how the organic solvents extraction affected its biodegradability. 
Characterization of HTLWW extracted by different organic solvents
225
The high methane yield of EA-HTLWW was mainly attributed to the degradation of EA 226 rather than the organics in the HTLWW since EA contributed to more than 98% of the COD 227 in EA-HTLWW (Table 1) , and the high methane yield of EA itself was shown in Fig S1 . The 228 negligible methane yield of DM-HTLWW was due to the toxicity of DM to the methanogens 229 since no methane was produced when DM alone was used (Fig S1) , and the toxicity of DM to and CH had low solubility as demonstrated by their contribution to the total COD in Table 1 .
234
Higher methane yield was obtained from PE-HTLWW compared to CH-HTLWW and 235 R-HTLWW, which indicated that PE might have extracted more organics that are difficult to 236 be biodegradated and thereby improved the biodegradability of HTLWW. shown to be dominant in the HTLWW in a previous study (Panisko et al. 2015) , were further 251 analyzed by HPLC, and the results were show in Table 2 . The concentrations of residual 252 organic acids in HTLWW after extraction decreased with the increase of solvent polarity.
M A N U S C R I P T A C C E P T E D
253
Lactic acid, acetic acid and propionic acid, which were easy to be converted to methane (Jeris 
Biogas production from R-HTLWW and PE-HTLWW in ASBR 256
The two reactors were operated for around 100 days until steady-states were achieved ( 
Degradation of organic compounds in ASBR 266
The UV-VIS (Fig S4) of R-effluent and PE-effluent spectral absorption decreased compared 267 to R-HTLWW and PE-HTLWW, respectively, which was related with the degradation of were also identified from LC-TOF-MS as shown in Table S2 . It is obvious that most of the (Table S1 ), which might result in the partly degradation of the 287 phenols.
288
Since LC-TOF-MS only detected compounds with molecular weight (MW) less than 1000 in 289 our study as shown in Table S2 , the MW distributions of compounds in the samples were and PE had similar microbial richness, which was also reflected by the similar OTU numbers 309 (Bacteria, around 1500 for both samples; Archaea, around 210 for both samples) (Table S3 ).
310
The results showed that PE extraction of HTLWW did not have obvious effects on the 311 microbial community richness. It should be noted that the sequencing depths for both bacteria
312
(7911) and archaea (1167) were still not enough to cover the whole microbial diversity since 
327
The taxonomic classification of bacterial sequences by RDP classifier is shown in Fig 5(A) .
328
The similar taxonomic distribution in phylum, class and genus levels were observed for R between 7-9 % in both samples, and they were capable of hydrolysis and fermentation of information on the microbial compositions and their metabolic potentials. Table 3 361 summarized the identified bacterial species. At 97 % similarity, the sequences assigned to 362 species level were 5.6 % and 5.1 % of the total sequences for R and PE, respectively.
363
However, increased sequences (9.9% for R and 8.8% for PE) assigned to species level were 364 obtained at 98.65 % similarity. It would be expected less sequences would be assigned to 365 species level with more critical criteria. The higher sequences assigned at 98.65% similarity 366 was attributed to the algorithm (lowest common ancestor) used by MEGAN (Huson et al.
367
genes database at 97 % similarity, therefore MEGAN could not assign the sequence to M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
18 species level. However, the matched species might decrease to one at 98.65% similarity, and 370 therefore it could be assigned to species level. Fig S6 shows (Fig S8 and S12) . The sequences belonging to Trichococcus (Fig S12) were also 378 extracted, and it was found that all the sequences had more than one match to the species in 379 NCBI 16S rRNA genes database at 98.65 % similarity (Table S4) (Fig S8 and S12 ). As shown in Table   385 2, lactic acid and VFAs were well degraded during anaerobic digestion, and their degradation 386 could be correlated with the several known species as shown in Table 3 . Mesotoga infera,
387
Mesotoga prima, and Petrimonas sulfuriphila were reported to use lactic acid as carbon 
394
However, the species for the degradation of phenols, ketones and alkenes were not detected,
395
which were major organic compounds in HTLWW and were degraded in different extents 396 during anaerobic digestion (Table S2 ). There were two reasons. First and most important, explored, which was reflected by the large numbers of "not assigned" and "no hits" 400 sequences as seen in Fig S6-S13 . Second, the sequences had high similarity to several known 401 species, and therefore they were not assigned to the species as discussed before. MEGAN showed that 40.9 % and 47.9 % of the sequences were assigned to species level at 416 98.65 % similarity, which was much higher than that (<10 %) for bacteria. It could be due to 417 the higher diversity of bacteria compared to archaea as seen in Table S3 and as reported in 
Outlook
425
The present study showed that HTLWW contains relatively higher amount of cultures. The present study showed that the previously proposed thresholds (97 % and 98.65 % 436 similarity) for species identification of 16S rRNA genes were not suitable for a fraction of
437
16S rRNA genes since different species might have high similarity (>98.65%) (Table S4) .
438
Therefore, the species level identification of 16S rRNA genes based on similarity is still 439 challenging and remains further investigation. In addition, high percentages of "not assigned"
440
and "no hits" sequences for bacteria sequences were observed, which could be related with 
4.Conclusions
447
The present study showed that the methane yield of HTLWW (R-HTLWW) was 184 mL/g 448 COD, while HTLWW after petroleum ether extraction had higher methane yield (235 mL/g 449 COD) due to the extraction of recalcitrant organic compounds. The higher methane yields of M A N U S C R I P T The methane yield of HTLWW was increased after petroleum ether extraction Organics in HTLWW with molecular weight (MW)<1000 were well degraded High-throughput sequencing of full-length 16S rRNA genes was applied
A C C E P T E D ACCEPTED MANUSCRIPT
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
Microbial community compositions were analyzed down to the species level
